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Abstract
MCSCF calculations reveal that diazirinyl anion (1), its conventional Cs structure resulting from
deprotonation of diazirine (c-CH2N2), is less stable than its open Czv isomer (2) in which the two nitrogens
are no longer bound. The latter species represents a novel type of reactive intermediate, a biradical anion. It is
calculated to have a large electron binding energy (0.80 eV) and is an experimentally attractive target. 02
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MCSCF calculations reveal that diazirinyl anion (1), its conventional Cs structure resulting from deprotonation 
of diazirine (c-CH2N2), is less stable than its open Czv isomer (2) in which the two nitrogens are no longer 
bound. The latter species represents a novel type of reactive intermediate, a biradical anion. It is calculated 
to have a large electron binding energy (0.80 eV) and is an experimentally attractive target. 02 theory has 
been used to provide the heats of formation of diazomethane and diazirine, two important compounds whose 
experimental energies are not well established. 
The diazirinyl anion (1), a cyclic four-.1r electron species, has 
been synthesized in the gas phase by deprotonating diazirine 
(c-CH2N2) with strong bases.' Single-determinant ab initio 
molecular orbital calculations indicate that this ion has a bent 
Cs structure, but a second isomer (2) with an unusually long 
nitrogen-nitrogen distance has also been noted.2•3 This has led 
us to investigate the existence of what appears to be a new type 
of reactive intermediate, a biradical anion,4 using high-level 
computations. In addition, we report the structures and energies 
of the corresponding neutral radicals as well as the G25 heats 
of formation of diazomethane and diazirine, since the experi-
mental values for these very important compounds are not well 
established. 6 
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In carrying out restricted Hartree-Fock (RHF) calculations 
on the Cs diazirinyl anion (1) a more stable open Czv form (2) 
was discovered.2•3 Given the diradical nature of the latter 
species, a multiconfiguration (MC) wave function is needed to 
appropriately describe it.7 Consequently, the singlet geometries 
of 1 and 2, the transition structure interconverting them (3), 
and their corresponding neutral doublets ( 4 and 5) were fully 
optimized using the 6-31 ++G( d,p) basis set8 and the complete 
active space described by all of the valence electrons except 
for those in the C-H bond, i.e., 14 electrons were distributed 
in 11 orbitals (2a NN, 2n NN, 2 lone pair (lp) N, I lp C, and 
4a CN) for the anions (MCSCF(14,11)) and 13 electrons in the 
same 11 orbitals (MCSCF(13,11)) for the radicals.9•10 Each 
structure was verified by computing its Hessian matrix using 
numerical differences of analytic gradients and noting that 
minima have no negative eigenvalues while the transition 
structure has one (i = -1208 cm-1). In addition, the intrinsic 
reaction path (IRC) 11 was calculated to verify that 1 and 2 are 
smoothly interconverted via 3. 12 Energetic comparisons were 
made only after carrying out single-point calculations on the 
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TABLE 1: Calculated Energies of CHN2- Anions (1, 2, 3) 
and Radicals ( 4 and 5) 
energy 
MCSCF/ CCSD(T)/ electron 
compd 6-31++G(d,p)b 6-311++G(2df,2pd)b rei• affinity• 
l(Cs) -147.35269 -147.82767 12.8 
2 (C2v) -147.367 76 -147.848 12 0 
3 (Cl) -147.296 40 -147.784 88 39.7 
4 (Cs) -147.366 95 -147.793 61 15.6 21.3 
5 (C2v) -147.388 93 -147.818 54 0 18.5 
a CCSD(T)/6-311 ++G(2df,2pd)//MCSCF(14(3),11)/6-31 ++G(d,p) 
relative single-point energies in kcal mol-1. b Energy in hartrees. 
MCSCF/6-31 ++G(d,p) geometries with a much more flexible 
polarized triple-~ quality basis set and accounting for electron 
correlation using coupled-cluster theory13 (Table 1), i.e., CCSD-
(T)/6-311 ++G(2df,2pd). The MCSCF and CCSD(T) calcula-
tions were performed using GAMESS 14 and GAUSSIAN 92,15 
respectively. 
The diazirinyl anion (1) has a long C-N bond length and a 
similar N-N bond distance compared to its conjugate acid 
(Figure 1).16 This is consistent with a localized carbon-centered 
anion which has distorted to minimize the cyclic 4n-electron 
interaction.2•17 The C2v or open form of this ion (2) has a much 
shorter C-N distance than in 1 or diazirine, which is indicative 
of multiple-bond character. It also has an exceptionally long 
N-N distance (2.067 A) suggesting that this bond is broken, 
i.e., 2 is a biradical. This view is consistent with the total 
electron density map which shows no evidence for aN-N bond. 
The natural orbital occupation numbers (NOON) 18 indicate that 
a total of 0.35 electrons have been moved out of the closed-
shell configuration, and thus this ion is best represented in 
valence bond terms as a combination of a nitrene (2b) and a 
biradical (2a). The interconversion of 1 into 2 proceeds via a 
C1 transition structure (3) in which one of the C-N bonds is 
contracted, the hydrogen is closer to the plane of the three heavy 
atoms, and the N-C-N angle has opened up, resulting in a 
larger N-N distance. Both the Cs and C2v radicals (4 and 5) 
are also energy minima, but in the former species there is some 
evidence for delocalization of the carbon-centered radical, i.e., 
the C-N bond length is shorter than in 1 or diazirine and the 
N-N distance is larger. There is no evidence for cleavage of 
the N-N bond in 5 in that the bond length is only 1.633 A. 
Energetically, the Cs structure (1) lies 12.8 kcal mol-1 above 
the planar C2v ion (2) but it is protected by a 39.7 kcal mol- 1 
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Figure 1. MCSCF(l4,11)/6-3l+G(d,p) geometries of 1, 2 , and 3. Parenthetical values correspond to the neutral doublet species (4 and 5). 
TABLE 2: Calculated Heats of Formation of Diazomethane 
a nd Diazirene at 0 and 298 K• 
CH2N2 c-CH2N2 
reaction 11Hr0 o 11Hr0 298 11H/o 11Hr0 298 
l 65.7 68.5 76.0 78.5 
2 63.5 66.4 73.8 76.3 
3 63.5 66.3 73.8 76.3 
av 64.3 67. 1 74.5 77.0 
• All values in kcal mol- 1• 
isomerization barrier relative to 2. Inclusion of the zero-point 
energy and correction to 298 K leads to a tJ/0 ;som of 12.0 kcal 
mol- 1 and an E. of 37.7 kcal mol- 1. These results account for 
the formation of 1 by Kroeker and Kass,2 since there is a 
surprisingly large barrier preventing the ion from flattening out. 
The energy difference between the analogous doublets 4 and 5 
(15.6 kcal mol- 1) is slightly greater than for the corresponding 
anions, and their adiabatic electron affinities are 21.3 (0.92 eV) 
and 18.5 kcal mol- 1 (0.80 e V), respectively. Consequently, our 
calculations lead to the prediction that 2 is a stable species and 
it may be possible to prepare this biradical anion. Experiments 
along these lines are in progress, but one approach, the 
conversion of the C, to the C2v ion, is complicated because the 
barrier is large and competitive processes can (and appear likely 
to) take place. Moreover, it seems that the transition structure 
may be only weakly bound with respect to autoionization. 
In the process of carrying out this work we have performed 
G2 calculations on diazomethane and diazirine.5•19 The heats 
of formation of these compounds are not well established, and 
a wide range of values have been reported.6 We find Mr0 o-
(c-CH2N2-CH2N2) = 10.28 kcal mol- 1 and Mr0 29s(c-CH2N2-
CH2N2) = 9.95 kcal mol- 1, which is at the low end of the 8-30 
kcal mol- 1 range in the literature and significantly less than 
the recently suggested difference of 20- 30 kcal mol- 1.6b The 
G2 value is in good accord, however, with other computations 
at lower levels oftheory.20 In order to obtain the absolute heats 
of formation of these compounds the heat of atomization and 
two isodesmic reactions (eqs I-3) were examined (Table 2).21 
Our recommended heats of formation for diazomethane and 
diazirine at 298 K are 67.1 and 77.0 kcal mol- 1, respectively, 
and represent the best values to date. 
CH2N2 - C + 2H + 2N (1) 
CH2N2 + 5NH3 - CH3NH2 + 3N2H4 (2) 
In conclusion, we have found that the open C2• anion of 
CHN2- is more stable than its bent C, counterpart and that the 
former biradicaloid species is an inviting experimental target 
awaiting experimental verification. In addition, we have 
provided the first reliable set of consistent data on the heats of 
formation of diazomethane and diazirine. A more detailed 
accounting of the complete potential energy surface is in 
progress. 
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